This article aims to review general procedures for sampling of routinely collected as well as on alternative samples that may provide additional information regarding intoxication. These approaches may be applied whenever sample collection for clinical and forensic toxicology is required and should be considered as general guidelines that must be adapted to each specific case. It is expected that this article will help toxicologists and other forensic experts to accomplish their mission, since the toxicological result is first influenced by the quality and quantity of the sample available for analysis. These guidelines were approved by the European Council of Legal Medicine.
Introduction
There are several specific challenges to select and collect samples for antemortem and postmortem toxicological analysis [1] . Indeed, the relevance of any finding is primarily determined by the type and quality of the sample(s) submitted to the laboratory. Thus, numerous pre-analytical aspects should be considered during collection in order to have samples with sufficient quality and quantity. In several cases, the evidence found at the scene may represent the best guide for toxicological analysis and therefore cups, bottles, pipes, syringes/needles, cotton, lemon, spoons, silver paper and suspicious household products should be collected.
In vivo, blood, plasma or serum, urine, hair, nails, exhaled air, oral fluid and gastric content are the most important samples to be collected and should be obtained at the hospital admission, before the implementation of the therapeutic measures [2, 3] .
Post mortem samples may be numerous and present specific difficulties compared to in vivo samples, namely those resulting from putrefactive alterations. Arterial or venous femoral and cardiac blood, urine, vitreous humour, gastric content and organs (namely the liver and lungs and always after evisceration) are the most important samples to be collected [2, 3] . Several other alternative samples (e.g. blood clots, blood from thoracic or abdominal cavities, cerebrospinal fluid, brain, spleen, bile, bone, synovial fluid, bone marrow, maggots, skeletal muscle) can be occasionally collected in particular circumstances, which are detailed below in specific sections [2, 3] .
Relevant quantitative analysis is usually only possible using plasma, serum or blood (i.e. obtained from specific comportments). For these samples, numerous methods for analysis and antemortem and post-mortem casuistic data are available to stablish correlation of obtained concentrations and the toxic effects. However, in several cases plasma, serum or blood are simply not available or they are present with low quality. Moreover, the site of blood collection for post-mortem toxicology may influence xenobiotic concentrations. Therefore, toxicologists are constantly looking for alternative samples that accurately represent postmortem blood drug concentrations or that may be valuable in clarifying blood results [2, 3] .
Nowadays, pre-analytic best practices for sample collection in Forensic and Clinical Toxicology are scarce, not updated or are not presented objectively to avoid errors. Moreover, most of them cover only few number of samples. This work presents guidelines for sample collection for toxicological analysis that were approved by the European Council of Legal Medicine (http://www.eclm.info/html/).
Methods
Literature in Forensic, Clinical and Analytical Toxicology and Pathology was extensively reviewed since 2000, aiming to understand procedures for sample collection followed/advised by authors publishing in this area. Websites of Associations of Forensic, Clinical and Analytical Toxicology were also reviewed, such as The International Association of Forensic Toxicologists [4] , German Society of Toxicological and Forensic Chemistry [5] and Society of Forensic Toxicologists /American Academy of Forensic Sciences [6] . General relevant literature can be found in Refs. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] and additional specific citations are provided in the sections below.
Procedures for collection
It is obvious that samples should be collected without delay after death. If autopsy cannot be performed within few hours after death, mortuary refrigeration is usually the unique procedure to minimize alterations in the concentration due to putrefactive changes. Indeed, even anticipating autopsy permission, most jurisdictions restrict any cadaver interventions. If possible, basic procedures such blind femoral blood collection through the body surface or urine by catheter or even suprapubic puncture may be implemented [11] . In the following sections, sampling procedures for bioanalysis are provided tissue-by-tissue, together with notes and comments on the value and interpretation of results. Specifically, the anatomic place of collection, tubes to be used, storage, advantages and limitations and amounts that should be collected are discussed for in vivo and post-mortem samples. a. Collect all available (normally 2-5 mL in adults and 1 mL in newborns) for a 10 mL plastic container with screw cap (add preservative); b. useful for the analysis of several psychoactive substances (e.g. ethanol) and biochemistry analysis; c. it is easy to collect and remains clear and sterile for up to three days or so after death. It becomes cloudy and brown with decomposition; d. it should be obtained by ophthalmocentesis from each eye. The needle should be inserted through the outer corner, until its tip is placed centrally in the globe and gentle aspiration should be performed to avoid retinal detachment; e. due to limited available volume, the fluid from both eyes can be combined; f. cosmetic integrity of eyes can be restored by injecting an appropriate amount of saline solution;
g. good correlation exists with the blood free xenobiotic concentration; h. xenobiotics with high binding percentages to serum proteins will present much lower concentrations than blood; i. concentrations lag behind blood levels approximately 1-2 h; j. useful in the interpretation of blood results or when blood is not available (e.g. trauma); k. if positive, it is useful to prove antemortem ethanol ingestion and therefore discarding post-mortem ethanol production by fermentation; l. because the eye is distant from the major thoracic and abdominal organs and it is a closed space, it is less influenced by contamination, putrefaction and post-mortem redistribution; m. may not become contaminated by embalming process. In these cases, it is important that a sample of embalming fluid should be submitted for analysis as control; n. lacks esterases that hydrolyse and therefore reduce the blood concentrations of certain xenobiotics (e.g. cocaine, heroin, 6-monoacetylmorphine); o. quantitative analysis is rarely possible (except ethanol) and should be considered with due care; p. if positive for ethanol, it can be assumed that represents an antemortem consumption; q. if negative for ethanol, but blood samples are positive, ethanol production in blood should be suspected due to post-mortem putrefaction; r. it has a high water and low lipid content in comparison to blood. Therefore, concentrations of highly lipophilic xenobiotics in vitreous humour will be lower; s. High post-mortem glucose concentrations suggest peri-mortem hyperglycaemia and if conjugated with elevated acetone levels, suggests diabetic ketoacidosis. Due to the rapid post-mortem decrease of "normal" glucose concentrations, low or even "zero" levels may erroneously suggest hypoglycaemia. d. reduced volume and more difficult to collect than cardiac blood; e. post-mortem -venous and/or arterial femoral blood should be collected since it is relatively isolated from the internal organs of the chest and abdomen and therefore less influenced by the post-mortem redistribution phenomenon. Vessel should be tied/clamped proximally near the inguinal ligament before collection to prevent siphoning blood down from the larger central vessels. The leg may be slightly elevated to obtain more blood and should not be massaged or shaken to increase flow. Alternatively, venous subclavian or jugular blood can be collected. In any case, a "blind-stick" will increase the probability of false results; f. antemortem -although it is homogeneous throughout all anatomic places, blood is typically collected from cephalic vein. Cord blood is obtained from the umbilical cord at parturition; g. do not use antiseptic swabs containing alcohols or iodine to disinfect the skin prior to venipuncture, since blood contamination can occur, especially when performing ethanol analysis; h. should never be mixed with cardiac blood;
i. for analysis volatile xenobiotics, a gas syringe should be used; j. it is the most useful sample for quantitative analysis, but usually analysis gives total fraction (i.e. free and bound xenobiotic to proteins). Quantification of free fraction would be useful, but is rarely possible. 2. Urine: a. Collect 30 mL or all available for a plastic container with screw cap (without preservative); b. always collected for screening (higher concentrations of the parent xenobiotics and metabolites are usually found in urine comparatively to other sample), acquiring great value if obtained up to 96 h after intoxication; c. post-mortem collection can be performed by inserting the needle directly above the pubic symphysis or by urethral catheterization (in cases of external examination only) or directly from the bladder (if internal examination is also performed); d. if bladder contains only small amounts of urine, it may be necessary to open bladder to collect any residual quantity. If urine is not available, the bladder could be washed with a saline solution in order to obtain any sample and it must be assured that vitreous humour is provided [10] ;
e. results could be negative if death occurred closely the time of intoxication; f. ensure that the sample actually comes from the patient being examined to avoid adulteration; g. no correlation exists with blood levels; higher concentrations are usually present; h. No correlation exists with toxic effects at the time of collection; bladder is primarily a reservoir and unlike blood, is not in equilibrium with tissues; i. for ethanol analysis in a type I and II diabetic victims and if urine is contaminated with Candida albicans (e.g. immunosuppressed victims or with gynaecological and urinary infections), preservative may be useful; j. quantitative analysis is rarely possible. 3. Head hair [7, 25] :
a. Collect 150-200 hairs (often described as having a pencil thickness) from the posterior vertex region of the scalp. This anatomic place presents the least growth variation in comparison to other regions of the scalp and other body hair types. Collection from multiple sites within the vertex region is acceptable to avoid a visible "bald patch" that may cause some discomfort; b. if it is not available or excessively bleached or permed, axillar, pubic, arms or bear hair is an alternative; c. plucked in post-mortem (prior organ dissection) or cut with scissor just near the root in vivo cases; d. samples should be firmly tight together and tie with ligature to not loose orientation (the root should be identified); e. the sample is placed on a piece of aluminium foil, which is folded, with the cut root ends projecting about 15 mm beyond the end of the foil; f. it is important to avoid folding in the middle to not kink the hair making it difficult to handle; g. should be considered to establish a historical pattern of xenobiotic exposure (e.g. drug facilitated sexual aggression, habit changes, heavy metals chronic exposure, etc.); h. it is not a suitable sample to document recent xenobiotic exposure; i. it is not easily adulterated and new and identical sample can be obtained from the subject for counter-proof (e.g. sample switching, break in the chain of custody, etc.); j. store at room temperature in a sealed envelope; k. large detection window (i.e. weeks to months, depending on the hair length); Then, the stomach wall is cut and all the content is collected; e. only all quantity is important and not the concentration; f. register all total volume in the container's label; g. macroscopic findings (e.g. tablets and capsules) should be rapidly separated, dried and stored in a different container; h. characteristic odours should be registered, but if cyanides or phosphides gases are suspected to have been ingested caution should be paid to avoid inhalation; i. useful to guide blood analysis; j. presents limited application if intoxication occurred by parenteral route; k. the presence of a xenobiotic in the gastric content does not prove oral administration, especially if the concentration is low. Indeed, xenobiotics distributed by the extracellular fluid will be presented in the fluid that ultimately forms the gastric secretions. Moreover, basic xenobiotics will be concentrated in the stomach due to the ion-trapping effect.
Cerebrospinal fluid:
a. Collect all available for a 10 mL plastic container with screw cap (without preservative): b. presents similar composition to plasma except that high molecular weight proteins are absent; c. Antemortem or post mortem it is obtained by percutaneous lumbar (by passing a needle into the theca between the lumbar spines) or cisternal (through the atlanto-occipital membrane) puncture, preferably before the internal examination. The lack of any intrathecal pressure may turn this collection very difficult or even impossible. Alternatively, it can be obtained from the posterior fossa after the brain has been removed; this procedure may lead to alterations of the xenobiotic concentrations due to blood contamination. Clear cerebrospinal fluid may, sometimes be obtained from the lateral ventricles, either by needle puncture reflecting the dura and parting the cerebral hemispheres or cutting down through the cortex [10, 26] Kits: containers, labelling and toxicological request form
There is considerable variation in the types of kits used by forensic institutions. Regardless the format, it is key to the successful collection and consequent toxicological result to have necessary sample containers, to ensure that they are adequately labelled and that chain of custody is respected. The following topics could be highlighted [1, 2, 11, 12, 26 [2] ; i. toxicological request forms should be filled as complete as possible, placed with samples inside a sealed plastic opaque bags and submitted to the laboratory for analysis; j. a chain of custody report should be completed and signed to evidence sample integrity.
Sample preservation and storage
Putrefactive post-mortem alterations that occur in body are influenced by several variables and can dramatically influence the obtained concentrations for several analytes (e.g. blood ethanol concentrations may increase or decrease). Although these consequences are almost uncontrollable, further alterations in xenobiotic concentrations due to incorrect in vitro preservation and storage are less tolerated. Therefore, the preservation of samples and physical conditions (e.g. temperature) during storage should not be disregarded, since alterations in the concentrations of various analytes (e.g. blood ethanol concentrations) may occur, even in vitro [30] . In the following topics it is highlighted general procedures for sample preservation and storage [1,2,11,12,26]:
a. Samples should be stored in tightly sealed containers at 4 C (short-term) or at ¡20 C or preferably at ¡80 C (long-term); b. exceptions to this include hair and nail, which are stable at room temperature; c. hair samples should be stored at room temperature; d. if plasma or serum is needed for analysis, these are separated before blood frozen; e. sodium (or potassium) fluoride preservation of blood with a final concentration of 1%-5% by weight is mandatory for peripheral blood and facultative for other blood samples (e.g. blood clots and blood from thoracic or abdominal cavities). Clear evidence of the importance of preservative exists for several analytes such as opioids, ethanol, cocaine, cyanide, g-hydroxybutiric acid, etc.
Interpretation aspects
At the end of the technical note, some points must be remembered [1-3,7-9]:
a. Forensic experts must be aware that it is mandatory the collaboration of a forensic toxicologist in the interpretation of toxicological results; b. although there is no a universally accepted standard education, the forensic toxicologist should be endowed with adequate training in analytical chemistry, but specially depth knowledge of the toxicokinetic and toxicodynamic of xenobiotics, and be attentive for the variables that can influence them; c. it would be advisable that the collection procedure of pathologists be audited by toxicologists to avoid errors; d. absolute rules for the interpretation of toxicological results are absent since each case is unique! e. it is almost impossible to know the true concentration of a xenobiotic in a sample; f. attempts to interpret toxicology findings exclusively based on the therapeutic, toxic, and fatal ranges are irresponsible, especially in post-mortem toxicology. These intervals frequently overlap; g. the case should be interpreted taking into account antemortem or post-mortem toxicological results, circumstances of the death and scene, medical history, autopsy findings, influence of post-mortem redistribution, tolerance and application of common sense, etc.
